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Introduction
• In recent years, impacts of climate change, especially rising global 
temperatures, have become prevalent in range expansions of certain 
marine rocky intertidal species (Helmuth et al. 2006).
• Over time, prey develop adaptations that help protect from or avoid 
predators, and predators develop adaptations and strategies that help 
them capture prey more efficiently; this continuous cycle results in the 
eventual evolution of all species involved (Brodie III et al. 1999).
• Chthamalus fissus is an important foundation species of barnacle found 
in the rocky intertidal from Alaska to San Diego.
• Mexacanthina lugubris is a species of predatory snail that normally lives 
in lower latitudes (Mexico, Baja California) but have recently invaded 
San Diego.
• Previous work suggests that C. fissus can develop morphological 
adaptations such as narrow and bent operculums, that help protect 
them against predation by M. lugubris (Jarrett 2008, 2009).
• This study addresses whether morphology of C. fissus has changed since 
the introduction of M. lugubris into their native habitat.
Results Discussion
Part 1: Field Study
• From the 2018 La Jolla survey, the relationship between barnacle 
operculum length and width showed more similarities to the Las Olas
barnacles (i.e., a narrowing operculum), indicating that the barnacles at 
La Jolla may be impacted by an increasing snail population in the area.
• La Jolla barnacles in 2018 were generally smaller than both Los Olas and 
La Jolla barnacles from 2004 (Jarrett 2008) study.
• Differences in overall barnacle size may be due to seasonal 
differences between 2004 study (Spring) and 2018 study (Summer).
• Future Directions:
• Look at previous M. lugubris densities in La Jolla and compare to 
recent M. lugubris densities to determine if density in La Jolla has 
significantly increased.
• Do defensive morphologies affect reproductive capabilities?
Part 2: Lab Study
• All treatment groups exposed to predators experienced increased 
mortality after respective exposures.
• Barnacle treatment group exposed to predatory snails at settlement 
exhibited highest initial and continued mortality.
• The control group did not experience as high mortality as the other 
treatment groups (only around 10%).
• Future Directions:
• Has C. fissus population density been affected by presence of M. 
lugubris?
Methods
Part 1: Field Study
Has there been an increased frequency of defensive morphologies in local 
barnacles?
• Established 20, 0.25 m
2
quadrats along a 50 m transect at Bird Rock, La 
Jolla, CA.
• Snails counted in each quadrat to determine snail density. 
• Within each quadrat, a random 1 cm2 quadrat was photographed for 
laboratory analysis of barnacle density and individual measures of 
operculum length and width using Image-J software.
Part 2: Lab Study
What is the effect of early exposures of their main predator M. lugubris
on barnacle survival?
• 12 settlement plates containing newly settled barnacles were collected 
from study site.
• Plates were divided into 4 experimental groups, according to exposure 
to predators: Control (no exposure), exposure right after settlement (At 
Settlement [A.S]),  or exposure at 2 or 4 Weeks of age
• Each group exposed to adult snails for ~24 hours 
• Operculum length/width measured weekly for 9 weeks under a 
microscope using Dinocapture 2.0 Imaging Software.
• Percent mortality was calculated at the end of the experiment for each 
treatment.
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Fig. 3: Barnacle Surveys from La Jolla (current study) compared to barnacles of 
similar size range from 2004 (collected by Jarrett 2008; see inset of Fig. 1).
Fig 4: Mortality rates of the four experimental groups. Arrows indicate date of snail 
exposure for each group.
Fig. 2: Barnacle surveys of operculum length and width taken from La 
Jolla, CA and Las Olas, Baja Mexico in 2004 (figure from Jarrett 2008).
Fig 1: Left - replicate settlement plates for a treatment group. Right - Picture of a juvenile 
barnacle taken under a microscope with operculum length and width shown in red
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